To evaluate the effect of a topical application of a cream formulation containing extract of Acacia nilotica bark extract on human cheek skin texture. Methods: A cream containing 3 % concentrated extract of Acacia nilotica bark was developed by entrapping the extract in the internal aqueous phase of the cream having strong antioxidant activity. A similar cream but without the extract was also prepared. Each of the formulations was applied to the cheeks of 11 human volunteers for a period of three months. Both cream formulations were assessed, using Visioscan VC 98, for various parameters including texture parameters (energy, contrast and variance) as well as for skin roughness (Ser), skin scaliness (SEsc), skin smoothness (SEsm) and skin wrinkles (Sew). Results: Unlike the cream base, the extract cream exhibited steady, significant improvement in skin parameters over the 3-month period of application. Images showed visible improvement of the overall skin appearance and reduction of fine lines by the extract cream. Furthermore, skin texture (variance and contrast) and SELS (SEr, SEsc, SEsm and SEw) parameters showed significant decline (p < 0.05) and the texture parameter of energy showed significant increase (p < 0.05). Conclusion: Our findings indicate that the cream containing 3 % Acacia nilotica bark extract possesses anti-aging effect and improves skin surface appearance..
INTRODUCTION
Aging of skin is a composite and unceasing progression that may be remarkably induced by sun exposure [1] . Solar ultraviolet exposure is the main factor that instigates reactive oxygen species (ROS) [2] . ROS can interfere with fatty acids, proteins and saccharides, and results in oxidative impairment [3] leading to collagen insufficiency and, ultimately, skin roughness [4] . Aging is linked with morphological variations [1] and is pigeon-holed by damage of elasticity, increased wrinkling, irregular pigmentation, dryness and roughness [5] .
Topical formulations have attracted significant interest as a vehicle for drug delivery to the human skin due to easy compliance [6] . One strategy against skin aging is the use of topical plant phenolics and antioxidants [4] . Acacia nilotica (Mimosaceae) is a remedial plant recognized to contain abundant phenolics, consisting of condensed tannin and gallic acid, phlobatannin, pyrocatechol, (+) -catechin, protocatechuic acid, (-) epi-gallocatechin-7-gallate and (-) epigallocatechin-5, 7-digallate and others. Different parts of this plant such as the root, seed, leaf, bark, flower, fruit, gum and immature pod act as anti-mutagenic, strong antioxidant, anti-cancer, vasoconstrictor, spasmogenic, anti-asthamatic, cytotoxic, antipyretic, anti-diabetic, anti-plasmodial and antiplatelet aggregatory agents [7] .
The purpose of the present investigation was to evaluate the effect of topical cream application of Acacia nilotica bark on the skin texture of human cheek skin.
EXPERIMENTAL

Plant material
The bark of Acacia nilotica was obtained during July in Dera Ghazi Khan, Pakistan. Identification of the plant (Acacia nilotica) was done by a taxonomist, Dr. Muhammad Arshad holding a position at the Cholistan Institute of Desert Studies (CIDS), the Islamia University of Bahawalpur, Bahawalpur, Pakistan. A voucher specimen (no. AN-BK-01-01-10-030) was deposited in the Herbarium, the Islamia University of Bahawalpur.
Other materials
Abil EM 90 was procured from Franken Chemicals, Germany; paraffin oil from Merck Germany; absolute ethanol from BDH England; and deionized water from the Pharmaceutical Labs of the Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan.
Preparation of extract and determination of free scavenging activity
The extract of the dried and ground bark of Acacia nilotica was prepared in 80 % aqueous ethanol solution with the aid of a homogenizer (Euro-Star, IKAD 230, Germany). The extract was filtererd through whatman filter paper and then concentrated up to one tenth under reduced pressure at 45 °C using rotatory evaporator (Eyela, Co. Ltd. Japan). Free scavenging activity of the plant extract alone and of the cream formulations were assessed using the stable free radical, 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay. In 5 miroleter of aqueous ethanolic plant extract, added DPPH to make the volume up to 100 µl in 96-well plates. Mixed the contents and incubated at 37 °C for 30 min and measured the optical density at 517 nm. Ascorbic acid was used as the standard.
Preparation of cream formulations
The extract cream consisted of 14 % paraffin oil, 2 % Abil EM 90, 3 % Acacia nilotica bark extract, 1 % fragrance and deionized water, to 100 %. The heated oily and aqueous phases were mixed up to 75 + 1 °C in water bath using a homogenizer (Euro-Star, IKAD 230, Germany), followed by the addition of the plant extract and fragrance. The same method was used to prepare the cream base except that the extract was not incorporated.
Subjects
Eleven subjects (aged 20 to 35 years) were selected for the study. Helsinki Declaration [17] was followed in this single-blind study. Informed consent was signed by all volunteers before the commencement of the study. All subjects were healthy males with no known dermatological diseases or allergy to substances in the formulations. The exclusion criteria were presence of any dermatitis and/or other skin or allergic diseases, smokers and any previous treatment of cheek skin with cosmetic formulations such as sunscreens, moisturizers or anti-aging cosmetics in the two months prior to the commencement of the study. During the test period, the subjects were allowed to bathe normally, but were instructed not to use any skin care product on their cheeks other than the test formulations.
Instrumental assessment
Visioscan VC 98 is a special UVA-light video camera with high resolution for the direct study of skin parameters. The image output shows the structure of the skin and the level of dryness. The camera was connected to a computer via a digitalization unit (Video Digitizer VD 300) through FireWire port. All measurements were made in a draught-free room at controlled temperature (18.0 -20.6 °C) and relative humidity (50 -65 %).
Study protocol
In vivo investigations were carried from December 2011 to March 2012. All instrumental measurements were carried out according to manufacturer's instructions. Two weeks before study began and during the treatment period, the volunteers were permitted only the use of normal cleansing products. Each volunteer was then handed two creams -extract cream and base cream which served as control. The volunteers were well-informed about the correct use of the creams. Measurements of skin parameters, which included texture parameters (energy, contrast and variance) and for skin roughness (Ser), skin scaliness (SEsc), skin smoothness (SEsm) and skin wrinkles (Sew) were made monthly for 3 months. Approximately 500 mg of extract cream was applied to the right cheek and base cream to the left cheek twice daily (morning 7:00 -9:00; evening, 19:00 -21:00) at home by the volunteers. The area around the eyes was omitted. Prior to measurement, the volunteers remained in the room for at least 15 min in order to allow the skin to adjust to room temperature. , Approval of this study was given by the Board of 
RESULTS
The antioxidant activity of plant extract itself and the extract cream was 89 and 83 %, respectively. Change in skin texture parameters (energy, contrast and variance) after application of base and extract is shown in Fig 1. Increase in the energy of the extract cream was statistically significant at all time intervals while that of the base cream was insignificant (p > 0.05). Similarly, decrease in the variance and contrast of the extract cream was statistically significant at all time intervals but the values for the base cream was insignificant (p > 0.05). Significant differences (p > 0.05) between the two creams were also found. 
DISCUSSION
Phenolic compounds are known to have antioxidant activity and it is likely that the activity of the extract may be due to these compounds [3] . Skin texture parameters (energy, contrast and variance) analyze differences in the colors of neighboring pixels [8] . Energy increases with increase in the hydration level of the skin and this in turn results in greater homogeneity of the output image. Young, highly hydrated, elastic skin has a high energy value compared to older skin with many wrinkles [9] . Increase in energy parameter indicates moisturizing effect of the extract cream and hence anti-aging properties of the extract.
Variance is the average of a local variance over an amount of pixels. The actual value of the pixel is compared to the average. High variance indicates high roughness of skin surface [10] . Our findings indicate reduced roughness of the skin surface.
Contrast indicates the difference between gray levels of the two neighbored pixel. Contrast is higher, the higher the difference between the values of two neighbors [10] . Reduction in contrast indicates better condition and smoothness of skin resulting in a reduction of roughness.
SEr is the roughness parameter which calculates the proportion of dark pixels. SEsm is the index of smoothness and is calculated from the mean width and depth of wrinkles. SEsc is the index of scaliness of skin which shows the level of dryness of the skin. SEw identifies aging including wrinkles and is calculated from the proportion of horizontal and vertical wrinkles [11] .
Gradual decrease in the values of roughness, scaliness, smoothness and wrinkles were observed for the extract cream. The extract cream produced a decrease in the mean values of skin smoothness in contrast to skin roughness which suggests that the cream possesses antiaging properties. Smaller SEsc value corresponds to higher skin moisture as treatment with moisturizing or anti-aging formulations results in lower values for SEsc. Lower values for the parameter SEw indicates that there were less wrinkles on the skin indicating that the extract cream reduced fine wrinkles. This is directly related to the loss of collagen which has strong relation with trans-epidermal water loss [12] . Greater epidermal water loss leads to less water retention by collagen and results in collagen degeneration. Elastin is important because it supports the body's natural elasticity. Elastin stops skin from sagging and helps the body repair tissue after a wound. Collagen is a protein that is found in the body's connective tissues [13] . Our findings suggest a reduction in aging characteristics. Improvement in skin surface parameters can be attributed to the phenolics in the extract of the plant. These phenolics include kaempferol [14] , (-) epicatechin, (+) dicatechin, quercetin, ascorbic acid, gallic acid, (+) leucocyanidin gallate, sucrose and (+) catechin-5-gallate [7, 15] . Bioflavonoids and polyphenolic compounds in plants have also been shown to demonstrate beneficial antioxidant properties.
(-)epigallocatechin-3-gallate (EGCG) is one of such major components and is an effective agent against skin inflammation and carcinogenesis [13] . Phenolics inhibit reactive oxygen species (ROS) and offer the best protection against enzymes that cause the breakdown of collagen and elastin in skin and can help prevent tissue injury [3, 18] . Also, it has been revealed that ascorbic acid provides photo-protection and prevents inflammation and UVB-induced immune-suppression when applied topically [16] . All of these investigations collectively support our findings that the extract cream possesses antiaging properties.
CONCLUSION
The findings of this study suggest that the formulated topical cream of Acacia nilotica extract is capable of reducing the signs of skin aging. Further studies are, however, required to unravel the anti-aging mechanism of the plant constituents.
